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polyolefin membrane, and a web-phase porous membrane united to at least one side of 
the micro-porous polyolefin membrane and composed of nano-fibers. 

In the complex membrane, it is preferred that the micro-porous polyolefin 
membrane is a membrane having at least one layer composed of polyethylene polymer 
5 and/or polypropylene polymer, and the micro-porous polyolefin membrane preferably 
has a thickness of 5 to 50 pm and a porosity of 30 to 80%. 

Id addition, the nano-fiber preferably has a diameter of 50 to 2,000 nm, and the 
nano-fiber is also preferably made of polymer selected from the group consisting of 
PVDF [poly(vinylidene fluoride)], P(VDF-HFP) 

10 [poly(vinyUdene)-co-(hexafluoropropylene)], PAN [poly(aciylonitiile)], P(VDF-AN) 
[poly(vinylidene)-co-(acrylomtrile)] copolymer, PEO [poly(ethylene oxide)], PU 
[poly(urethane)], poly(methylacrylate), PMMA [poly(methyl methacrylate)], PAA 
[poly(acrylamide)], PVC [poly(vinyl chloride)], PVAc [poly(vmylacetate)], 
poly(vinylpytrolidone). polytetraethylene glycol diacrylate, PEGDMA [poly(ethylene 
15 glycol dimethacrylate)], cellulose, ceUulose acetate, and their mixtures. 

In another aspect of the invention, the complex membrane is manufactured using 
the steps: (a) preparing a micro-porous polyolefin membrane; (b) laminating a 
web-phase porous membrane made of nano-fibers on at least one surfece of the 
micro-porous pojrolefin membrane; and (c) uniting the micro-porous polyolefin 
20 membrane with the web-phase porous membrane by applying predetermined pressure 
and temperature to the result of the step (b). Preferably, the web-phase porous 
membrane made of nano-fibers may be formed on one surface of the micro-porous 
membrane by directly spinning a polymer solution by means of electrospinning. 
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membrane such as thennal shrinkage should be small. In addition, considering the 
stability problem such as explosion of the battery, the membrane is preferably 
configured as a support body to have a shutdown function so that pores may be closed at 
a specific temperature. Here, the term 'shutdown fimction' is a means for controlling 
thennal runaway which may be caused by physical damage of the battery, short due to 
internal defects or overcharging, or the like. By usmg the shutdown function, most of 
the pores are closed at a specific temperature (90 to 120«'C), thereby blocking ion or 
current flow. As a material for forming the membrane capable of accomplishing such 
function, polyolefin polymer is suitable. For example, a PP/PE/PP membrane is 
provided with the shutdown function since a PE layer is melted at a specific temperature 
to close pores. Polyolefin polymer suitable for the complex membrane of the present 
invention includes polyethylene polymer and polypropylene polymer, and may use, for 
example, a porous polyolefin membrane film or nonwoven fabric, a complex 
composition in which the same kind of nonwoven fabric is laminated on a fihn, a porous 
polyamide membrane fihn or nonwoven fabric, or a porous polyester membrane fihn or 
nonwoven fabric, each having a single PE membrane, a single PP membrane, a PE/PP 
two-layer membrane, a PP/PE/PP three-layer membrane or a complex multi-layer 
structure composed of PE and PP. which is monoaxial-oriented or biaxial-oriented! 
Preferably, a porous polyolefin membrane fihn of a single PE membrane, a PE/PP 
two-layer membrane or a PP/PE/PP three-layer membrane, which has the shutdown 
function for prevention of short-circuit between both electrodes, is used. This 
micro-porous polyolefin membrane may be manufactured according to any conventional 
method disclosed in EP 1,146.577. US 6,368,742, US 5.691,077, US 6.180,280, US 
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What is claimed is; 

1. A complex membrane for an electrochemical device, comprising: 
a micro-porous polyolefin membrane; and 

a web-phase porous membrane united to at least one side of the micro-porous 
polyolefin membrane and composed of nano-fibers. 

2. The complex membrane according to claim 1 , 

wherein the micro-porous polyolefin membrane is a membrane having at least 
one layer composed of polyethylene polymer and/or polypropylene polymer. 

3. The complex membrane according to claim 1 , 

wherein the micro-porous polyolefin membrane has a thickness of 5 to 50 ^un 
and a porosity of 30 to 80%. 

4. The complex membrane according to claim 1 , 
wherein the nano-fiber has a diameter of 50 to 2,000 nm. 

5. The complex membrane accordmg to any of clauns 1 to 4, 

wherem the nano-fiber is made of polymer selected from the group consisting of 
poly(vinylidene fluoride) (PVDF), poly(vinylidene).co-(hexafluoropropylene) 
[P(VDF-HFP)], poly(acrylonitrile) (PAN), poly(vinylidene)-co-(acrylonitrile) 
[P(VDF-AN)] copolymer. poly(ethylene oxide) (PEO), poly(urethane) (PU), 

26 

AMENDED SHEET (ART.34) 



